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INTRCDLKHI13J

It is mu generally accepted that computer
simulation analysls using thermal-netwcrk type of
mathematical representatims of the energy flows is
an accurate m~thod of predicting the perfonndnce or
passive solar bulldlnqs. The ana!ys!s IS general!y

dam? using hourly solar and weather data. This 15
fine i@ the designer has the C-uter, the
capability, a~d the im!lnatlon to take t.hls
apDroach. But even mder the best o? clrcmmtance>
It IS cost!v awl t!rre cansunlng. Mnst Ch?slgnerf. a+k
‘~r simpler tecklrl~~s which are am?mah!e tn
ana!ysls using hand calculators in which estimate’,
can he apnpratprj In a ~Pw m!n~te5. Corre!at Ion
tPC~!~lJ~S have emerg-. as a reasmah:e prxmdre
which rreet the>i? readrerm?nts and give red’,OmdhlC

accl Jracy.

~~RFLIITION t.fFTFHD3



,J, . .

.

reference load is the healing requirerrWt5 Of a
comparable non-solar building, that 1s, a building
which 1s otherwise identical but without. the Passive
solar element. Presunab!y the solar elermmt would
bu replaced with a normal wall with the normal
complement of windows.

In developing the correlations, a functional
form was used which allows the selectlcm of fcwr
different coefficleM5. Thew were atjjustecl in

order to obtain a lea~t-square error in the annual
solar savings fraction.

Typically the correlations are tine using
hour-by-hour calcu!atlcms from many different cities
with four different values of building load
coefflcle~l In e?ch city. This gives a reasonably
diverse ensemhie of data points. The standard

de!lat.lon ~f the error in prediction of solar
savings ‘raction, compared to the hour-by-hour
slrnulatlons, 1!, typically abnut 3 to 4%.

REFF’7ENCE OESIGNS

The hnur.by-hour S\nllat[fin$ which are USCCI a~

the basis far the corr~:at inn% are done with a
de!alleri nmdel of the hui!d!nq in which all se the
dirfermt desiqn Parameters arp speclr[f?d, The cm!y
rteslgn parameter whi-h Is chalged 1s the rat.iin of
the glazlng area to t,u? h,Jllding loarl coe?flcient or
the kllcllno (the Load Co!!?ct9r Ratl~, I.CR).
Ty~~cally .qhnut fn,,r difrerent valueb of LCR were
chof,en sq that the corrt?!at lan shm!d aderltJaIr!,
rerler! var!atlqn:, in Ihlh key P-IramWCr.

Thp cnrrp!atlqn% do nnt ailqw Ihe clt=:,igm,r lq
I?s!!mato cn=rrarman.x= ~arlat inn:. rhe tn chanqw, la
any q? tlle many ntht?r 17PI,IT oar~lmolt?r’,, Th,J., ttl(’

rjrrp!at If-m:, relatp mly to lhr rerrrefva, *:.lqn

!JsPd In ~hc ~.lm~j!at ICW.

In ordrr !O nvcr-nmr this rj!rrlr,,!ty,
smsl!{v!ty rAlrII!at !m!, havr hrw illlr iJ:,!o~I IIMI
hqilr-by.hnl,; $l~,!a[ [w Ctytl!-.,. Thl. prorpdur!, 1:, t,~
p~rferm a v=rlf’, 7F vf~r-lnn,l ‘llmlJ!.~!!nn!. flr
fl!~fprpnt valllps qr mr nf tt-c rlrf.lan parrmclt!r:l,
hn]rtlno a!! othrr paramrt!~r!, at thf” rPff’rPnCP

levnl . Thekp rp:,~jlt:, ,lr~ gewra!!) prehpnlerl In
or.mhiml rnrm a,mi allnw th~ rh?slgnpr lo ser thP
rrfmt af chanlllnq w?? pnrticlliar ftr!,ign Pdr.-3fMtI?r.
‘~~~ nrnrwldrr l!. rI!lnwwl rqr p,+~fl ?f thr rtlffrrfnl

‘.!fln parwrder’.. A frw.~nr part O! the Pa:,:,lvr

‘. ,:.lr n~!.l~n l.&ldllMk !!, t akpn UP w!tll !.UCII
%w!,!t Ivlty %tltilns, for tht~ rllrr+ct gal~ +tml fllcrmd!

:,1 nrflur WHI I .,y:, t mm,

~? [s Wrta!nly Dn!,!,lhlij that ~nf” roui~l lr’-!lr)
thp mtlrp cnrrplatlnn Droc-rhlrr fnr dlrrflrmt
vnllJp:. ~f rlw.lqn onrdmrt~r:. In orctrr to :Itu.rly IIIP
p’fP~t on thp Cnrrpln!lm curvw, of clwqlnq tM!

pkramt rr. Thl:, h~:, qPIIr,’,illy no! Iww- rtn~ IM-I’AII’11’

1! wnuld ho Incmtlhly tmllw i+w rwliilrl’ tIFI
Inrt?kwvhlp mnnlmt nf r~,ltl,r t Inr.

flTTLlilfD 5WPACF%

In n rm?rnl pAllcltlm7 M+nrland nnrt Jnnr’,
haw ulvmcnrr~lntlnn’l rnr attwhrff ktrk,pa(:c:,,
Tti%p r~slllt% Indlcntl. th~t n slqllnq qlazlnq (tilm~t
VI rlrgr~~!.~ l! fmJrh frmrr PffIWlvr thdn verll(:ql,

Ihnt hrwtlnu p~rrormnnr~ 1!9 lIIVrfWFd hy IJ!IIW nwww
ln%lIlntml md wnl!’, rnth~r than glnzrd Pnri w,I1lI.,
ml thni nvp,nll pprfnrmancr IV h~nl IIMI Ihr nllnclwl

k!utldl~o l!, v~ry (!~firfdl)r tn thnl nr”n lrmlir WHII,

As an example of the correlation resuits, the
following graphs give the sinhldLian results (Fig,
1) dnd correlation accuracy (Fig. 2) far one
reference design. the case of an atLachecl suospa2e
with sloping glazing (50 degrees), masonry Lnermi
storage between sunspace ano ho~s.e, opdqk ena
walls, and no night lnsuLdtim.
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SlrCe the correlation curves are developed using
weather data frtxn a variety 01 different locations,
tbse curves can be used in locations which nave a
cllmgte type encaqassed by the original grving of
cities. Y+3wever, an anwal s>lar savings t’ractlon
calcu!.atlom lnvol~es sunning @ tlw results of
twsl~e rrmthly calculations. Fora particular city
tl%? results depwd cWy on the ratio O? building
load to collector area (LIR), m Me system tyPe,
and on the t“qerature base used in the Calculation
nf the degree days. Thus It 1s possible to imke up

tables For a particular city which rplate the solar
savl~gs rraclion to ttws LGi for tk various systems,
nsswnimg me particular base t~erature. These

tables could he re-dom? for var~ws base
temperatures, l~se tables are mmJcheasier to use

than the SLR correlathns,

LCR tables have hem made w for 216 different
:Dcatlons In thr? U.S. and snuthern Canada Wsed m
the SJIJIH veather data. The’se are publlsheO in the
%tslve Solar Ikslgn Hamdbmk, AKJGndlx F, fsr
direct gain and thermel storage wa’1 systems. These
tables form Lhe hasls of a simplified design
Dr’xehre rkmrlbed in the Handtnok.

Q5 an alterwtlve to presenting the SW resu!th
In terms !J* LCR, many PV?cIPlt? havF eXPreW?fi a
prerprenrv ror u5!ng t~ reclprmal, cn!lm-t3r load
ratl~, CLR = l/LCR, a% tht? Iwk?pendent parameter.
FIa, 3 Shgws ttw p!?r%rmflrp Or 4 atfaChL%l Sunhpdcl?

mtlms in Dodgp rlty plotfr?rl vs CM (sa ft-tD;tNIJ)
~,haw!ng tb c~ar!stm t;W vm?pn the resu:ls 5 r hrh~r!y
sim!attms (so!ld eurves~ and tlw fv.t Imatr=:, using

tb+ SL.R Carrplatlcn:, (~ashed curve%), The gr?o~lrj

I+ thp saw n!, FIF F!~s, ! and ?, with I.E. f~r
For qla~t:~ PnC W1l’..!- I!atetj Pnfi wa!!:, and G.E. .
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except km -- direct IJain wltrvkt nl ht insulation.
9There 1s, however, a very mdrkea di fere~e beLween

the performdn- of all three systcm types aapenalnd
cm thether night insulalicm is employea or mt. A
curve has been rkvelopea tilch provlc@s a
nm?thodalagy for deallng with nlghL insuldt!m oLher
then the value R9 u-d in the reference ~sl:n.
This curve Is Fig, E-7 in the Paiiblwe Solar Design
Handtmok.

A simple IW3tbdClCIgy MS been Wveiopea for
deallng with mixed systems. The Lectniq& tr~dl,
the Muse hildlng kkra Coefflclent as lf 11 wsrc
divided lntU tm porllms in the km rdtlo d:. the

relatlve gldzing arcds of Lhe Lm pdsslwe hysl.ern
types. This air!aunts to the sl~le dbs~llcm LI%3L
pnch of the system lype~ berve~ d parLiLm of Llm

Load wiLh ~ ex:hen~ of hedt dCrObb d~ htdgindl)

boundary wlLhln Lhe hcuse. krrmd:l~ me WAN

expect that Lransfers whlctl do ldke l)~d~~ W.kicr k’

bmfkld! and dlerefore the N;duldLICrlti t,)d>l?: .YI

this a~s+unplim m!gnl be samewhdt cmx’rbdtiw~.
There have been m h,r!) conputur >i~ldLlcna

performs Lo oetermiv tne cxdcl oe4r* af Lnu
im*re5Llmatti.

IWFOMANCF. VARIATILFI W TU LIVINLI HAu:I”J
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cmmscting betm5en tk living areas and a smspace
mi@ be rruch mm cunfortable lf mm? attention is
paid to ttm? a~ropriate openlq and clasl~ of W?se
doors.

DECIDIM BETwW4 CDM5ERVATIUIlAtdD PASSIW ~~
WTIOMS

Every good passive solar designer kmws that
energy conservat lon nust be a cornerstone o? the
bulldlng desl~. But at sores point ttws trade-off
bet ween addl t ional ener~ conservation and passive
solar collect.ion aperture nust be addressed. If a
handy mthod is available for ●stimating
per?onnawe, then this trade+?? can be dme in an
analytical way. For extsrple, lf W correlation
techniques can be lmorporated Into a hand held
calculator or microcowp.ter rm.tlnel ttm the
desi~er can obtain very quick turn-arand in the
~alculations, and the trade-off between conservation
and solar optims can be ea5ily dti quickly
assessed.

A sl~le teclmla~ he~ been developed which can

% used ta determine tm optlmun m x between
Ccnservatim and solar strategies. \ In order 10
nhtaln an answer, tm cost cheracterIstlcs of bolh
tb pmss!ve mlar aperture arxl the enrrgy
cc%ervat {m features are we&d. This ~nformetltw
w1ll genPrnlly be in the form of the cost per R per
SQ ft far tlw wall and cellltq Insu!a!lon, the cO%t
prr adrlltlmal glazing for wlnrbws, ttw cobl of
reducing lnfl!trmt ion (Imclud[ng thr cost ~r aodlng
an alr-to-alr heat reeovpry @it if nceckd) dmd d!w3

the mst p~r sq ft r~f tk passive mldr cnl!cc!lm

auprture. Given this inrormtl’m the metkt
nmvlth %Ilru!c f?rllJ3t Ion!, which Cal hr ,J%l?d tll trdcl’
~lJt th?? ~tl~~.~li !IW ‘qr a ~rtl~d!dr 10cd19.

Thl:. wI!l pravlrln In%tnra!lrm to the d?%! gnrr Pdr!)
in th~ rh?sl.lm ~r%c%s tn serve as a ~Jltjc In tm

decislom nwk!n,q.

M.USICM

co@exity of performance predictlms ht are
severely cmstrairmd in the mnber of varldbles
which cm be mnsMereLt. Their accuracy is
-rally d8Wte fOr design purposes pravloed Lney
are applied to buildings which correspond reasmdbly
closely to the reference *signs uses in *veloping
the mrrelatlms. The most sinplifiea correldtlm

pracedums (such as the W mthod) are dIIWIdlILe Lo
use with trend calculators, e~pecially if
pre-calculat~d tables are available corresponding ta
the eattwr data for t~ locatlm at’ interest. when
reporting the results of these calculation, Me
designr should be especially careful to specify tne
ran~ of valldlty of the andlysls, especkilly as

pertains to both t@era!lng chsr.dcterl~tlcs dnc!
*sign parameters.

Correlation tectmlmes dre e5pecldlly dmertdbie
to use in microcomputer ramines wnlcll cdn he .bea
in a design offlcem Very quick answers cm be

obtalwd tiring the sctk?mtlc @slcjn ma ckbIy
development ptwes of d bullalng La ald in oe:iulng
betaeen dlfferenl design opLions. This WWLU
lnclde trade-off5 betm3m varlrws conservallm
OptlWW and pdsslve solar apticm.

The &Atmr gratef~i!j dckmwleoges LIW
dsslbtdnce of Jdmes Heo>trJm, RaberL McFdr.m~,
WlllldM ur.dy, and ~nlb Bdrley ir, Lfle ~VC.~~IIEnl

nf the col-re:dtlm tecmlqm~.

1
. . J. D. EbAcomb, et. di., llPabslve SoAdr uc~:~n
Ii&mlxtnk, VO;. 11, Pdh:,lve 50Ldr *Wlgn lWlct.,blJ”,

&mdry !980, K)L/CS-0!2?i2.


